A retrospective cohort study was performed in a tertiary centre to determine if teenage nulliparas (aged ഛ19 years, study group) had higher incidences of instrumental and Caesarean deliveries compared with nulliparas aged 20-34 years (control group) selected from the first women in the birth registry who delivered after each study case and satisfying the criteria for controls. The hospital records of the study and control cases were retrieved for review. Comparison was made in the maternal demographics, major antenatal complications, outcome of labour, mode of delivery, and perinatal outcome. In the study group, maternal height was similar but the body mass index was lower. Although the mean birthweight was lower and the incidences of preterm labour and small-for-gestational-age infants higher, there were also increased incidences of large-for-gestational-age and macrosomic infants. While there was no difference in the types of labour, there were fewer Caesarean and instrumental deliveries, a finding that persisted even after excluding the preterm deliveries. Lastly, teenage mothers aged <17 years had similar outcomes to those aged 17-19 years. These results indicated that teenage mothers had better obstetric outcomes, despite the higher incidence of preterm labour, and that young adolescents (<17 years) performed as well as their older peers.
Introduction
Teenage mothers are generally regarded to be at increased risk of instrumental delivery (Konje et al., 1992; Bacci et al., 1993) and Caesarean section (Moerman, 1982; Khwaja et al., 1986 ), yet the reason for the high incidence of operative deliveries has not been satisfactorily explained. It has been suggested that the physical maturity of the teenage mothers was the underlying factor (Moerman, 1982) . However, teenage pregnancies are also associated with increased incidence of complications such as preterm labour (Zhang and Chan, 1991; Fraser et al., 1995) , low birthweight (Naeye, 1981; Lee et al., 1988; Bacci et al., 1993; Zhang and Chan, 1995) , and fetal growth retardation (Elster, 1984; Fraser et al., 1995) , all of which could have been indications not only for instrumental and Caesarean delivery, but also for induction of labour which 3228 © European Society of Human Reproduction and Embryology could also be associated with increased Caesarean section rate. A high operative and Caesarean delivery rate could therefore be the consequence of these complications rather than of the physical maturity of teenage mothers.
In our territory, pregnant women who are local residents have access to free prenatal care of a high standard in public hospitals, and social support is readily available from government and charitable organizations. Thus teenage mothers could enjoy a similar degree of prenatal care as their older peers, should they choose to continue with their pregnancy and deliver in one of the public hospitals. Since there was no difference in the extent of prenatal care, comparison between teenage and non-teenage women could provide a reasonably clear picture of whether teenage mothers have worse obstetric outcomes. In a previous study, we have shown, rather unexpectedly, that mothers aged ഛ19 years had lower rates of instrumental and Caesarean deliveries (Lao and Ho, 1997) . Nevertheless, since the comparison was made between teenage mothers in one hospital with the rest of the obstetric population as well as with that of the whole territory, other factors such as the practice of individual obstetricians could have influenced the findings. In order to confirm the previous finding of a reduced risk of operative and Caesarean deliveries in teenage mothers, a retrospective cohort study was performed on the nulliparous teenage mothers who delivered in our hospital over a 3 year period.
Materials and methods
In our hospital, all pregnant women receive prenatal vitamin and mineral supplements free of charge. Routine antenatal investigations include estimation of haemoglobin level at booking and at the beginning of the third trimester, VDRL test, screening for rubella antibody and hepatitis B surface antigen, and cervical smear and vaginal/endocervical swabs for culture. Additional tests will be performed as indicated. The management of pregnancy, labour and delivery in teenage mothers have been described in detail before (Lao and Ho, 1997) . For all mothers, interventions are performed for medical indications, and social indications are generally not considered.
In a retrospective study and using the maternal age at delivery to define the study and control groups, the case records of all teenage mothers (age ഛ19 years) who delivered in our hospital over a 3 year period were retrieved for review, and the nulliparous mothers with singleton pregnancies constituted the study group. For each study case, the first nulliparous mother in the 20-34 year old age group with singleton pregnancy and delivered on the same day following each study case was selected as the control. The maternal demographics, labour and delivery and perinatal outcome were compared between the study and control groups. We have also compared the maternal complications that could lead to intervention and operative 
Results
Of the 408 teenage mothers who delivered in the study period, 26 were multiparous and excluded, while 382 satisfied the inclusion criteria, and these constituted the study group. In this group, 112 (29.3%) were Ͻ17 years of age, while in the control group, 263 (68.8%) were between 20-29 years of age. In the study group, the mean age was 10 years younger (P Ͻ 0.001) and the pre-pregnant body mass index (BMI) lower (P Ͻ 0.001) than the controls, but there was no significant difference in height (Table I ). The study group had a significantly higher incidence of smoking (P Ͻ 0.001) and risk of preterm labour [relative risk (RR) 6.444, 95% CI 3.240-12.819], while the risks of prelabour rupture of membranes (RR 0.308, 95%CI 0.164-0.578) and gestational diabetes mellitus (RR 0.500, 95% CI 0.309-0.808) were reduced. There was no difference in the incidences of antepartum haemorrhage or pre-eclampsia. There was no difference in the incidence of labour induction, but the modes of delivery were significantly different (Table II) . The study group had lower risk of instrumental delivery (RR 0.405, 95% CI 0.319-0.514) and Caesarean section (RR 0.361, ). In the territory, the overall instrumental delivery rate was 15.9% according to the 1994 survey (Lao and Ho, 1997) , while the average instrumental delivery rate for our hospital over these 3 years was 19.6%, with nulliparous patients accounting for 78.1% of these cases. The overall Caesarean section rate for the whole territory was 22.5% in 1994, while that for the hospital over the 3 years was 14.1%. There was no difference in the incidence of primary postpartum haemorrhage or in the estimated blood loss at delivery. To compare the indications for instrumental and Caesarean delivery between the study and control groups, the major indication was categorized as mechanical, fetal, and other problems (Table III) . For mechanical problems, the indication for instrumental delivery was entered as prolonged second stage of labour, and that for Caesarean delivery was failure to progress in labour. For fetal problems, the indication entered for both instrumental and Caesarean delivery was suspected fetal distress, based on an abnormal or suspicious electronic fetal heart monitor tracing with/without the additional fetal scalp blood pH result. Other indications for Caesarean delivery included intrauterine growth retardation (n ϭ 4), genital herpes (n ϭ 1), and cord prolapse (n ϭ 1) in the study group, and breech presentation (n ϭ 4), intrauterine growth retardation (n ϭ 2), and cord prolapse (n ϭ 1) in the control group. Other indications for instrumental delivery for both groups were prophylactic for maternal hypertension, history of retinal detachment, poor maternal effort, and other miscellaneous conditions. The study group had a significantly lower incidence of instrumental delivery for prolonged second stage, while no difference was found in the incidence of Caesarean delivery for failure to progress.
The maternal and infant anthropometric data were compared between the study and control groups according to the mode of delivery (Table IV) . For those with vaginal delivery, the gestational age, birthweight and crown-heel length were significantly decreased in the study group. Although a similar trend was seen for those with Caesarean delivery, the differences were not statistically significant. For the overall perinatal outcome, the study group had significantly shorter gestational age, infant crown-heel length and lower birthweight, and increased incidence of small-forgestational age (SGA, birthweight Ͻ 10th percentile, RR 1.890 95%, CI 1.048-3.409). However, the incidences of large-forgestational age (LGA, birthweight Ͼ90th percentile, RR 1.638, 95% CI 1.005-2.669) and infant macrosomia (birthweight ജ4000 g, RR 7.000, 95% CI 0.865-56.622) were also higher (Table V) . There was no difference in the incidence of congenital malformations, which were all minor, and the overall incidence of neonatal complications in the study group was significantly lower. There was no perinatal death in either group.
In view of the higher incidence of preterm labour, it is possible that the differences in the labour and delivery outcome were related to preterm delivery. Therefore the analysis was repeated after exclusion of all cases with delivery before 37 completed weeks, which included all cases of preterm labour and those with labour induction or Caesarean section performed before 37 weeks for obstetric complications (Table VI) . The study group had a lower BMI and lower incidences of prelabour rupture of membranes (RR 0.260, 95% CI 0.123-0.551) and gestational diabetes (RR 0.489, 95% CI 0.288-0.831). In the study group, both the Caesarean and instrumental delivery rates were significantly lower, and although the crown-heel length and birthweight were lower, there was no difference in the incidence of SGA or LGA infants. In order to determine if the teenage mothers Ͻ17 years had different outcomes compared with their peers aged 17-19 years, the study group was further divided into two groups according to the maternal age (Table VII) . The younger teenagers accounted for 29.3% of the cases, and the only difference between groups was the lower BMI in the younger teenagers.
Discussion
The performance of teenage mothers in labour and delivery has never been well studied. In the literature, there are only a handful of reports (Moerman, 1982; Khwaja et al., 1986; Konje et al., 1992; Bacci et al., 1993) which touched on the labour performance and delivery mode, and the findings suggested that teenage mothers have increased risk of instrumental and Caesarean delivery. This would appear logical since teenagers, especially those aged Ͼ17 years, may be in different stages of physical immaturity. Nevertheless, other studies (Bradford and Giles, 1989; Gale et al., 1989; Creatsas et al., 1991; Mahfouz et al., 1995) have shown that given appropriate psychosocial support and prenatal care, the pregnancy outcome in teenage mothers was comparable to that in older mothers, although the Caesarean section rate was not addressed specifically. More recently, it has been reported that in mothers Ͻ16 years old, the incidence of major antenatal complications, except for preterm labour, was not increased, while the incidence of spontaneous delivery was higher and that of Caesarean section lower than older mothers (Plockinger et al., 1996; Perry et al., 1996) . This issue should therefore be clarified in view of the potential implications on the future reproductive performance in the teenagers. In our previous study (Lao and Ho, 1997) , the Caesarean section rate was found to be significantly lower than that of the overall obstetric population in the same hospital. This significant difference was unexpected. One possible explanation was the reluctance of obstetricians to perform elective Caesarean section on teenagers, especially those who were unmarried or without a stable relationship and who were going to sign their babies off for adoption, not only to avoid a scar that would remind them for ever of this pregnancy, but also to avoid jeopardizing any future relationship as well as future reproductive performance. Another possible explanation was the significantly higher incidence of low birthweight (Ͻ2500 g) infants in teenage pregnancies, which would be associated with a higher chance of successful vaginal delivery. In order to confirm our previous findings and to elucidate the factors that may account for the lower Caesarean section rate, the present study was conducted.
In this study, with the controls selected from mothers who delivered on the same days as the teenage mothers and therefore under the care of the same team of obstetricians, any possible difference in the management of labour and delivery would have been minimized. The results of this study confirmed our previous finding that teenage mothers in our population had a significantly higher incidence of spontaneous vaginal delivery, while the incidences of both instrumental and Caesarean delivery were lower. Furthermore, this trend was consistent not only for the pregnancies that went to term, but also for 3231 the teenagers Ͻ17 years of age. Also, in contrast to older mothers, mechanical factors were not the commonest indication for instrumental or Caesarean delivery in teenage mothers. There is therefore strong evidence that teenage mothers perform better in labour and are more successful at spontaneous delivery compared to mothers aged 20-34 years.
Apart from preterm labour, the teenage mothers had similar or lower incidences of complications such as antepartum haemorrhage, pre-eclampsia, and gestational diabetes mellitus. This could conceivably reduce the need for intervention and Caesarean section. While the incidence of smoking was significantly higher in the teenage mothers, this appeared to have little impact on the outcome. This apparent lack of impact could be related to the relatively shorter period of smoking in the teenagers compared with older women.
A smaller fetus could also account for the higher rate of spontaneous delivery, and the mean birthweight was lower in teenage mothers. Nevertheless, the incidences of LGA and macrosomic infants were actually higher in the teenage mothers. Therefore fetal size alone would not have been the reason for the lower Caesarean section rate in teenage mothers.
The conventional belief is that teenagers are less mature physically and the size of the bony pelvis in the teenage mothers might be significantly smaller than that in older mothers. This is supported by the report that the teenage pelvis is smaller and its growth lags behind statural growth (Moerman, 1982) . One would therefore expect that given the same fetal size, teenage mothers should have a higher instrumental and Caesarean delivery rate, but this is disproved by our findings. The 3.6% incidence of Caesarean section in our mothers aged ഛ16 years was the lowest compared with the other series of Perry et al. (1996) and Plockinger et al. (1996) . Since it has been shown that longitudinal growth can occur during pregnancy in the teenager, the increment being greater in the nulliparas compared with the multiparas (Scholl et al., 1988) , it is possible that pregnancy enhances the growth of the bony pelvis in adolescents, since the maternal height was similar between the two groups of teenage mothers, as well as between teenage and older mothers. These observations led us to conclude that the teenage mothers in this study have reached a state of physical maturity, in so far as reproduction is concerned, that is comparable with mothers aged 20-34 years. The findings of this study indicate that teenage mothers in a relatively affluent society and receiving appropriate prenatal care not only have a lower Caesarean section rate, which is not achieved at the expense of a higher rate of instrumental delivery or perinatal complications, but also a better obstetric outcome overall, and that young adolescents aged 16 years and below do not constitute a separate high risk group. This may be a reflection of nature's design that humans should reproduce when they are young and fertile, instead of procrastinating until the other end of the reproductive lifespan.
